Introduction
As part of an ongoing project to design and synthesize glycoenzyme inhibitors, we have prepared several compounds [1] [2] [3] [4] with gly-40 cogen phosphorylase (GP) inhibitory activity 5, 6 from (3,4,5,7-tetra-O-acyl-a-D-glyco-hept-2-ulopyranosyl bromide)onamides (A, Chart 1). Among them, compound C was shown to have moderate inhibition against rabbit muscle GPb (RMGPb). 4 Since GP is a validated target for the treatment of type 2 diabetes mellitus many efforts are devoted to finding new inhibitors (GPIs). 7, 8 To this end, among others, computational chemistry is in the forefront of GPI design. 8 By using 4D-QSAR methods, it was predicted that compound D, a sulfonyl analogue of C, might be a very efficient GPI with an inhibition constant in the nanomolar range. 9 Therefore, we envisaged 50 to prepare D from B in a way analogous to the chemistry 2 applied to obtain A and its further transformations to C. To the best of our knowledge, the necessary starting materials to get A, that is, N-unsubstituted anomeric sulfonamides, have not yet been described. The only analogous compound is the N,N-diethylsulfonamide in the a-anomeric position of N-acetyl-Dglucosamine obtained by substituting Et 2 NH in the corresponding glycosylsulfenyl chloride or bromide and subsequent oxidation. 10 In this paper we disclose our experiences in the preparation of glycopyranosyl sulfonamides and their reactivity under radical-60 mediated bromination conditions.
Results and discussion
A generally used method for the preparation of sulfonamides is the ammonolysis of the corresponding sulfonylchlorides. At the commencement of our work, glycosyl sulfonyl chlorides (e.g., 9) were not known, therefore chlorination of sugar sulfonate salt 4 was envisaged. Several sulfonic acids and their salts attached to a sugar skeleton were described. The preparation of the required anomeric sulfinate 13 was effected by base-induced b-elimination from sulfon 11 which was obtained by oxidation of thioglucoside 5 22, 23 by either Oxone Ò or mCPBA. Application of H 2 O 2 /Na 2 WO 4 20,21 to oxidize 5 gave sulfoxides 10
(two TLC spots of very similar mobility) from which one isomer could be isolated in pure state in moderate yield. As an alternative route to sulfinates, the reductive cleavage of benzothiazolyl sulfones was proposed; 21 however, practically no change could be observed in the reaction of O-peracetylated b-D-glucopyranosyl 100 benzothiazol-2-yl sulfone 24 with NaBH 4 in THF/MeOH for $one week even at elevated temperature. Sulfinate 13, without being purified, was treated with H 2 NOSO 3 H in water to give the desired sulfonamide 14 after chromatographic purification in 81% yield for the two steps. For the preparation of the D-galacto configurated derivative 23 (Scheme 2), the corresponding thioglycoside had to be prepared first. BF 3 catalyzed reaction of 1,2,3,4,6-penta-O-acetyl-b-D-galactopyranose (16) with methyl 3-sulfanylpropanoate gave the a-thiogalactoside 18 in moderate yield. To get the b-anomer, 110 2,3,4,6-tetra-O-acetyl-1-thio-b-D-galactopyranose 25 Similar base-induced reaction of the a-anomer 19 resulted in a mixture from which no discrete product could be isolated.
Radical-mediated bromination of various carbohydrate derivatives proved a useful tool to produce versatile compounds for further functionalization. 27 Several pyranoid monosaccharide substrates showed excellent regio-and stereoselectivities under the bromination conditions to give either 1-C-bromo-or 5-C-bromo derivatives of pyranoid rings with the bromine substituents in axial positions. On the other hand, a study on bromination of 130 phenyl 2,3,4,6-tetra-O-acetyl-b-D-glucopyranosyl sulfone demonstrated similar reactivities for the 1-and 5-positions (C-1 bromide 48%, C-5 bromide 38%). 28 With these preliminaries in mind, it was to be expected that bromination (Table 1 ) of the gluco (11) and galacto (21) sulfones would give isomeric axial bromides 24 and 25, as well as 26 and 27, respectively. Bromination of sulfonamides 14 and 23 under different conditions gave varying proportions of the corresponding a-D-glycopyranosyl bromides à 8 and 32, respectively, the ratio also being dependent on the scale of the reaction. The ring brominated 140 derivatives 28 and 29, as well as 30 and 31, respectively, were formed as minor products when the reaction was performed on a larger scale. Compounds 28 and 29 were isolated by chromatography; however, the very similar chromatographic behaviour of 30 and 31 did not allow these derivatives to be prepared in pure state. The position of the bromine substitution in the sugar ring followed clearly from the coupling pattern of the 1 H NMR spectra of these compounds.
These observations can be correlated with the relative radical stabilization (RRS) factors of substituents (Table 2) as in earlier   150 explanations for the regioselectivity of radical-mediated bromination of sugar derivatives. 27 As shown in Figure 1a , the radical stabilization is highest in position 1 of the sugar ring (RRS = 8.3; for positions 2-4 the OAc substituent is characterized by an RRS value of 0.9 31 ). Although the radical in position next to the CO 2 Me group seems to be better stabilized than C-5 (RRS 7.9 vs 6.5), the observed higher reactivity of position 5 might be attributed to its tertiary character (as compared to the secondary carbon in the aglycon) which is not taken into consideration in the calculation of the RRS value. However, bromination in the methylene groups 160 of the aglycon cannot be excluded, as very minor bromine-containing spots were observed by TLC in the reaction mixtures. Compounds with a carbon substituent at position one (for the present particular comparison a carboxamido group, but also other anhydro-aldonic acid derivatives) showed an exclusive selectivity for that position 2, 32, 33 as it can be concluded from the RRS values 27 (Fig. 1b) . In the bromination of sulfonamides the relative reactivity of positions 1 and 5 was similar to those of the sulfones (Fig. 1a) . However, the formation of glycosyl bromides needs further considerations. We propose that in the bromination of sulfonamides 170 ( Fig. 1c ) the bromine radical may also abstract a hydrogen from the SO 2 NH 2 moiety as illustrated in I. Further b-fragmentation of the intermediate sulfonamidyl radical II might give glycosyl radical 34 III which, on bromine abstraction from the reagent, could give the glycosyl bromide IV with high stereoselectivity. The preponderance of this pathway may be attributed to the relatively free (Table 3) ESIMS were recorded with a Bruker micrOTOF-Q instrument. Thin-layer chromatography (TLC) was carried out on aluminium sheets coated with Silica Gel 60 F 254 (Merck). TLC plates were inspected by UV light (k = 254 nm) and after gentle heating. Brominated compounds were visualized on TLC plates by spraying first a 0.1% w/v fluorescein soln in absolute MeOH, then a 1:1 mixture of H 2 O 2 (30% in water) and AcOH. Upon gentle heating, bromocompounds gave pink-coloured spots. Silica gel column chroma-230 tography was performed with Silica Gel Si 60 (40-63 lm) purchased from Merck (Darmstadt, Germany). Organic solutions were dried over anhydrous MgSO 4 , and concentrated at diminished pressure at 40-50°C (water bath). Table 2 for glucopyranosyl sulfones and (b) anhydro-aldonic acid derivatives; (c) proposed reactivity pattern for the radical-mediated bromination of anomeric sulfonamides. 
Methyl 3-(2,3,4,6-tetra-O-acetyl-b-Dglucopyranosylthio)propanoate S,S-dioxide (11)
340 (a) Thioglucoside 5 (0.1 g, 0.22 mmol) was dissolved in glacial acetic acid (3 mL). To this soln, Oxone Ò (0.19 g, 0.33 mmol) and NaOAc (0.14 g, 2.20 mmol) were added. The mixture was stirred at rt until complete transformation of the starting material (TLC, 1:1 EtOAc-hexane). After filtration it was diluted with water (10 mL) and washed with CH 2 Cl 2 (3 Â 5 mL). The organic phase was washed with satd NaHCO 3 (2 Â 5 mL) and water (1 Â 5 mL), dried, and the solvent removed under diminished pressure. The crude product was recrystallized from Et 2 O to give 0.07 g (70%) of 11. 
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with water (10 mL) and washed with CH 2 Cl 2 (2 Â 5 mL). The organic phase was washed with NaCl (1 Â 5 mL), satd NaHCO 3 (2 Â 5 mL) and water (1 Â 5 mL), dried, and the solvent removed under diminished pressure. The crude product was recrystallized from Et 2 O to yield 0.08 g (72%) of 11 as white crystalline product. 
Methyl 3-(b-D-glucopyranosylthio)propanoate S,S-dioxide (12)
Sulfone 11 (0.1 g, 0.21 mmol) was suspended in a mixture of dry MeOH (3 mL) and dry CHCl 3 (2 mL). To this soln two drops of AcCl were added. The mixture was kept at rt until completion of the transformation ($one week, TLC, 4:1 CHCl 3 -MeOH). It was then neutralized with solid NaHCO 3 and the solvent evaporated after filtration. The crude oil was purified by column chromatography (4:1
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CHCl 3 -MeOH) to give 0.05 g (75%) of 12 as a colourless oil. R f = 0.37 (4:1 CHCl 3 -MeOH); [a] ). For further preparative purposes, the crude product obtained after solvent removal was used without purification.
2,3,4,6-Tetra-O-acetyl-b-D-glucopyranosyl-1-Csulfonamide (14)
410 Sulfinate 13 (0.1 g) was suspended in water (5 mL). To this soln, H 2 NOSO 3 H (0.08 g, 0.71 mmol) and NaOAc (0.06 g, 0.73 mmol) were added and the mixture was stirred at rt for 2 h. After extraction with EtOAc, (5 Â 5 mL) the organic phase was washed with satd NaHCO 3 (2 Â 5 mL) and water (5 mL), dried and evaporated. Thiogalactoside 18 (0.5 g, 1.10 mmol) was dissolved in glacial acetic acid (15 mL). To this soln, Oxone Ò (0.95 g, 1.65 mmol) and 470 NaOAc (0.60 g, 11.0 mmol) were added. The mixture was stirred at rt until complete transformation of the starting material (TLC, 1:1 EtOAc-hexane). After filtration it was diluted with water (15 mL) and extracted with CH 2 Cl 2 (3 Â 15 mL). The organic phase was washed with satd NaHCO 3 (2 Â 15 mL) and water (1 Â 15 mL), (17, 3.0 g, 7.86 mmol) was dissolved in dry CH 2 Cl 2 (50 mL). To this soln methyl 3-bromopropanoate (1.11 mL, 9.43 mmol) and Et 3 N (1.05 mL, 9.43 mmol) were added. The mixture was stirred at rt for 3 days (TLC, 1:2 EtOAc-hexane). It was then diluted with CH 2 Cl 2 and washed with satd NaHCO 3 (2 Â 50 mL) and water (1 Â 50 mL), dried, and the solvent evaporated. The crude product was purified by column chromatography (1:2 EtOAc-hexane) to give 2.10 g (85%) of 20 (conversion is 65%) as a yellowish oil. Thiogalactoside 20 (1.0 g, 2.20 mmol) was dissolved in glacial acetic acid (30 mL). To this soln, Oxone Ò (1.90 g, 3.30 mmol) and NaOAc (1.20 g, 22.0 mmol) were added. The mixture was stirred at rt until complete transformation of the starting material (TLC, 1:1 EtOAc-hexane). After filtration it was diluted with water 520 (30 mL) and extracted with CH 2 Cl 2 (3 Â 30 mL). The organic phase was washed with satd NaHCO 3 (2 Â 30 mL) and water (1 Â 30 mL), dried, and the solvent was removed under diminished pressure. The crude product was recrystallized from Et 2 O to give 0.74 g (70%) of 21 as a white crystalline product. Mp: 120-122°C; [a] 1:1 EtOAc-hexane). After 3 h CHCl 3 (10 mL) was added, and the mixture washed with 1 M aq Na 2 S 2 O 3 (10 mL), satd NaHCO 3 (2 Â 10 mL) and water (10 mL). After drying, the solvent was removed and the residue purified by column chromatography (1:1 EtOAc-hexane).
(b) A 2,3,4,6-tetra-O-acetyl-b-D-glycopyranosyl-1-C-sulfonamide (14 or 23, 0.1 g, 0.24 mmol) was dissolved in dry CHCl 3 (10 mL), and bromine (30 lL, 0.73 mmol) and some K 2 CO 3 were added. The mixture was placed in an Erlenmeyer flask above a heat lamp (375 W, distance from the lamp $2-3 cm, height of the soln 590 1-2 cm), and refluxed. If the mixture decolourized, bromine (10 lL) was added again. It was monitored by (TLC, 1:1 EtOAc-hexane). After 8 h CHCl 3 (10 mL) was added, and the mixture washed with 1 M aq Na 2 S 2 O 3 (10 mL), satd NaHCO 3 (2 Â 10 mL) and water (10 mL). After drying, the solvent was removed and the residue purified by column chromatography (1:1 EtOAc-hexane).
(c) 2,3,4,6-Tetra-O-acetyl-b-D-glycopyranosyl-1-C-sulfonamide (14, 0.1 g, 0.24 mmol) was dissolved in dry PhCF 3 (10 mL), and
bromine (30 lL, 0.73 mmol) and some K 2 CO 3 were added. The mixture was placed in an Erlenmeyer flask above a heat lamp (375 W, distance from the lamp $2-3 cm, height of the soln 1-2 cm), and refluxed. It was monitored by (TLC, 1:1 EtOAc-hexane). After 4 h, the mixture was washed with 1 M aq Na 2 S 2 O 3 (10 mL), satd NaH-CO 3 (2 Â 10 mL) and water (10 mL). After drying, the solvent was removed under diminished pressure, and the residue purified by column chromatography (1:1 EtOAc-hexane). 70 (m, 2H, H-2, H-3 
